El Qazoui et al. BMC Infectious Diseases 2014, 14:300 
http://www.biomedcentral.com/1471-2334/14/300 



Infectious Diseases 



RESEARCH ARTICLE Open Access 



Rotavirus and Norovirus infections among acute 
gastroenteritis children in Morocco 

Maria El Qazoui 1 *, Hicham Oumzil 1 , Larbi Baassi 2 , Nezha El Omari 1 , Khalid Sadki 3 , Saaid Amzazi 3 , 
Mohamed Benhafid 1 and Rajae El Aouad 4 



Abstract 

Background: Acute gastroenteritis is a serious cause of child mortality and morbidity in resource-limited countries. 
A viral etiology is most common, and rotavirus and norovirus are reported to be the leading causative agents. There 
are still few epidemiological data on the simultaneous occurrence of these viruses in Morocco. The aim of this study 
was to provide useful epidemiological data on the gastroenteritis associated with rotavirus and norovirus among 
children aged less than 5 years. 

Methods: From January to December 201 1, 335 samples were tested for rotavirus and norovirus using enzyme-linked 
immunosorbent assay, reverse-transcription-polymerase chain reaction (RT-multiplex PCR) and real-time RT-PCR. Partial 
sequences of the norovirus were phylogenetically analyzed to determine the genotype. 

Results: The overall rates of rotavirus and norovirus infections were 26.6% and 16.1%, respectively. Mixed viral 
infections were detected in 9 of 335 stool specimens (2.7%). 

The most common genotype combination in the rotavirus strains was G1 [P8] (51.7%), followed by G2[P4] (10.1%), 
G2[P8] (4.5%), G9[P8] (3.4%), G4[P8] (3.4%), and G1[P6] (2.3%). Among patients positive for norovirus, 42 (77.8%) tested 
positive for Gil and 12 (22.2%) for Gl. Thirty-three (78.6%) of the norovirus Gil-positive cases were successfully 
characterized. Genotype GII.4 was the most prevalent (n = 27; 81.8%), followed by GII.3 (n = 2; 6.1%), GII.13 (n = 2; 6.1%), 
GII.16 (n = 1; 3%), and GII.17 (n = 1; 3%). 

Conclusion: This study suggests that in Morocco, norovirus is the most frequent cause of acute gastroenteritis after 
rotavirus, but further enteric viruses need to be integrated in the surveillance system so that a conclusion could be 
drawn. 
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Background 

Acute gastroenteritis is a very common disease in young 
children. It is characterized by massive inflammation of 
the gastrointestinal tract membranes, leading to frequent 
vomiting and/or diarrhea. Although regarded as a short- 
term intestinal disorder, acute gastroenteritis can cause 
severe dehydration, leading to further complications and 
hospitalization [1-3]. 

Enteric viruses are recognized as the most significant 
etiological agent of acute gastroenteritis, accounting for 
approximately 70% of episodes [2], Four viral families 
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are commonly associated with acute gastroenteritis: Reovir- 
idae (group A rotaviruses), Caliciviridae (noroviruses), 
Adenoviridae (adenoviruses 40/41), and Astroviridae (astro- 
viruses) [4-6]. Worldwide, rotavirus is considered the most 
common viral cause of severe acute gastroenteritis, causing 
453,000 deaths and over 2 million hospitalizations among 
children under the age of 5 years [7]. 

Of the two major outer-shell proteins, VP7 defines the 
G genotype (G for Glycoprotein) and VP4 defines the P 
genotype (P for Protease-sensitive) and these are the 
main criteria upon which the dual classification system 
for the rotaviruses into P and G serotypes and genotypes 
[8]. Currently, 27 G genotypes (G1-G27) and 35 P geno- 
types (P[l]-P[35]) have been described for rotavirus [9]. 
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To what extent each genotype defines an antigenically 
distinct VP7 or VP4 protein is not known. 

Globally, the five most common G/P combinations among 
strains infecting humans are G1P[8], G2P[4], G3P[8], 
G4P[8], and G9P[8], [10]. Remarkably, the G/P types 
of the uncommon strains show wide variation from 
one region to the next. For instance, a surveillance 
program directed by the World Health Organization 
noted that in 2010 the predominant uncommon strains 
were G12P[8] and G12P[6] viruses in Southeast Asia; 
G2P[6], G3P[6], and G1P[6] viruses in sub-Saharan 
Africa; G1P[4] and G2P[8] viruses in the Western Pacific; 
and G9P[4] viruses in the Americas [11]. The uncommon 
strains that can be spread throughout the world to 
become common global strain are difficult to predict. 
Indeed, the G9P[8] strains represent the only clear example 
of a previously rare G/P genotype combination that 
has become dominant within the landscape of globally 
circulating rotavirus [12-14]. 

Norovirus is considered the second most frequent 
cause of severe childhood gastroenteritis after rotavirus 
[15]. Its prevalence in children with acute gastroenteritis 
is in the range of 6-48% [16]. Although more than 30 
genotypes, within genogroups GI, Gil, and GIV, can 
infect humans [17], a single genotype, GII.4, has been 
associated with the vast majority of norovirus-related 
outbreaks and sporadic cases of gastroenteritis world- 
wide [18-20]. The GII.4 norovirus strains undergo con- 
tinuous processes of genetic/antigenic diversification and 
periodically generate novel strains through the accumu- 
lation of punctuate mutations or recombinations, and 
novel GII.4 variants emerge every 2-3 years [21,22]. 

Few data are available on the etiology of acute gastro- 
enteritis among young children in Morocco. Only one study 
reports the detection of norovirus in shellfish in Morocco. 
Norovirus were detected in 30% of samples, with an equal 
representation of GI and Gil strains, but were much more 
frequently found in cockles or clams than in oysters [23]. 

The report of a national survey performed in 1998, de- 
scribing the causes of child deaths, revealed that a high 
rate of mortality among children aged less than 5 years 
was attributed to diarrheal diseases. The number of these 
deaths in 1 year is estimated to be 6000 [24]. In 2006, a 
national program for rotavirus surveillance was estab- 
lished by the Ministry of Health, in partnership with the 
World Health Organization, at four different sites. Data 
were collected during a 5 -year survey and confirmed the 
rotaviral etiology of infective gastroenteritis among chil- 
dren aged less than 5 years in Morocco. Subsequently, 
isolated rotavirus strains have been investigated and their 
molecular epidemiology assessed [25]. These data sup- 
ported the introduction of a rotavirus vaccine to the 
Moroccan National Immunization Program in 2010. The 
vaccine coverage rate was greater than 80% [26]. 



In countries where the rotaviral vaccine has been in- 
troduced, there has been a decline in morbidity related 
to rotavirus-associated gastroenteritis. However, a math- 
ematical increase of the percentage involved in gastro- 
enteritis cases related to norovirus has been reported. 
Norovirus has consequently been designated the pre- 
dominant cause of gastroenteritis in hospitalized chil- 
dren [3,27,28]. 

To address the paucity of data regarding norovirus in- 
fections, we assessed the features of acute gastroenteritis 
related to rotavirus and norovirus in four regions of 
Morocco. 

Methods 

Setting 

This prospective study was carried out as part of the 
regional rotavirus gastroenteritis surveillance network 
of the eastern Mediterranean region of the World Health 
Organization. The survey covered four geographically 
different regions of Morocco: the University Children's 
Hospital in Rabat (central coastal region), Mohamed 
V Hospital in Tanger (northern coastal region), Al Farabi 
Hospital in Oujda (eastern region), and Prefectoral 
Hospital in Beni-Mellal (southern region). 

Specimen collection 

In total, 335 fecal specimens were collected from chil- 
dren aged less than 5 years who were hospitalized or re- 
quired medical care for acute gastroenteritis; Fourty six 
were from Rabat, 44 were from Tanger, 25 were from 
Beni-Mellal and 220 were from Oujda. The criteria for 
gastroenteritis were defined as follows: the acute onset of 
three or more loose stools, and/or two or more vomiting 
episodes a day that were not related to any other diagnosis, 
regardless of the fever conditions; stools with blood traces 
were excluded. A complete clinical examination was per- 
formed and a questionnaire was completed to collect the 
demographic data and clinical histories of the subjects. 

Viral investigation 

Stools were collected within the first 48 h of admission. 
Rotaviral infections were screened with an enzyme-linked 
immunosorbent assay (ProSpecT Oxoid, Cambridgeshire, 
UK). The sensitivity of the test was 96.6% (83.0-99.9%) 
and its specificity was 96.4% (81.6-99.9%). Rotavirus- 
reactive samples were stored at -70°C until their molecu- 
lar characterization with reverse transcription-polymerase 
chain reaction (RT-multiplex PCR) [24,25]. Rotaviral double- 
stranded RNA (dsRNA) was extracted from fecal suspen- 
sions using the QIAamp Viral RNA Mini Kit (Qiagen, 
Hilden, Germany), in accordance with the manufacturer s 
instructions. The dsRNA samples were subjected to semi- 
nested multiplex RT-PCR using type-specific primers 
for VP7-G1, -G2, -G3, -G4, and -G9, and for VP4-P[4], 
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-P[6], -P[8], and -P[10], as described previously [29,30]. 
All PCR products were examined by gel electrophoresis in 
200 ml of 2% agarose gel containing 4 ug of ethidium 
bromide. Fragments of the VP7 gene (904 base pairs) 
or VP4 gene (876 base pairs) were amplified with the 
9 conl-L/VP7-R primers [31] or con2/con3 primers, 
respectively [29]. 

Norovirus infections were assessed using real-time 
RT-PCR with oligonucleotide primers and probes as 
described previously [32,33], and tested for genogroups GI 
and GIL Viral RNA was extracted with the QIAamp Viral 
RNA Mini Kit (Qiagen). The norovirus-positive samples 
detected with real-time RT-PCR were also analyzed with 
conventional RT-PCR to allow sequence analysis. The 
primers sets G1SKF/G1SKR and G2SKF/G2SKR [34] were 
used to detect a fragment of the capsid gene (region 
C) of norovirus genogroups I and II, respectively. RT-PCR 
was performed with the OneStep RT-PCR kit (Qiagen), 
according to the manufacturer s instructions. 

The PCR products were sequenced with the same 
primers as were used for their amplification, with the 
ABI Prism BigDye Terminator Ready Reaction Cycle 
Sequencing Kit (Applied Biosystems Corporation, Foster 
City, CA, USA) and an ABI 3100 Genetic Analyzer (Applied 
Biosystems). DNA was sequenced in both directions using 
the BigDye Terminator cycling methodology (Applied 
Biosystems) and an ABI 3130x1 Genetic Analyzer (Applied 
Biosystems). Sequences were aligned using ClustalW in- 
cluded in the Mega5.2 software [35]. A phylogenetic ana- 
lysis was performed with 1000 bootstrapping replicates 
using the neighbor- joining method in the tree-builder tool 
of the same software. 



Ethical considerations 

Informed consent was obtained from the parents or legal 
guardians of minors. The Ethics Office from the WHO 
and the Moroccan Ministry of Health deemed this sur- 
veillance as public health practice. 

Statistical analysis 

Qualitative variables were compared with x 2 and Fishers 
tests (Epilnfo version 3.4) and the Mann- Whitney test was 
used to compare the Vesikari score values. The level of stat- 
istical significance was set at 95%. The Fishers test is par- 
ticularly useful when the expected value is less than five. 

Results 

Study group 

Among the 335 children enrolled in the study, 184 were 
boys and 151 were girls; the sex ratio (male/female) was 
1.22. Their ages ranged between 1 and 59 months, with 
a median age of 12 months. The main clinical parame- 
ters related to acute gastroenteritis recorded in our study 
were the period of diarrhea, number of vomiting epi- 
sodes, dehydration, and fever. 

All the patients studied had diarrhea for periods of 1-15 
days, with a median duration of 2 days. The median num- 
ber of vomiting episodes was five episodes per day among 
all the children, with a range of 0-15 episodes per day. 
Sixty-four percent of sufferers showed a high rate of vomit- 
ing episodes, and 61.3% experienced fever. Of the children 
enrolled, 30% showed moderate dehydration and 40% se- 
vere dehydration. Children aged less than 12 months were 
the most severely affected, with an estimated dehydration 
rate of 49%. 



Nucleotide sequence accession numbers 

The nucleotide sequence data were submitted to GenBank 
and assigned the accession numbers KJ162359-KJ162391. 



Rotavirus infections 

The estimated rate of the rotaviral infection was 26.6% 
(89/335). The age of the children affected with rotavirus 
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Figure 1 Age distribution of rotavirus and norovirus infected cases. 
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was between 2 and 59 months, with a median age of 
12 months. The great majority (36%) of rotaviral infec- 
tions occurred in children aged 6-12 months (Figure 1). 
Rotavirus was detected at a higher rate in male stool 
samples (53.9%) than in female samples (46.1%). The sex 
ratio (male/female) was 1.17. However, there was no sig- 
nificant correlation between sex and rotaviral infection. 
The median duration of diarrhea experienced by chil- 
dren with rotaviral infections was 6 days, and vomiting 
episodes occurred at a median rate of six events per day. 

Severe dehydration was identified in 44 of 78 patients 
infected with rotavirus (56.41%). Twenty-six patients (33.33%) 
experienced moderate dehydration, but 8 of the 78 rotavirus- 
infected children (10.26%) showed no symptoms of dehy- 
dration (Table 1). 

Although rotavirus infections were recorded through- 
out the year, the number of cases tended to peak in 
January (Figure 2). 

Norovirus infections 

The estimated rate of noroviral infection was 16.1% 
(54/335). Rabat and Tanger which are coastal cities had 
the highest percentages of norovirus positivity, during the 
study period. The difference between the coastal sites and 
non-coastal sites was statistically significant (Table 2). 

The age of the children affected was between 2 and 
48 months, with a median age of 14 months. The high- 
est rate was noted in children aged 12-24 months (37%) 
(Figure 1). Sample stools from male children showed a 
higher rate of norovirus infection (57.4%) than those 
from female children (42.6%), but the difference was not 
statistically significant. The sex ratio (male/female) of 
norovirus patients was 1.35. 

The median period of diarrhea among the norovirus - 
infected patients was 2 days and the median number of 
vomiting episodes was five events per day. Of the 43 de- 
tected cases of noroviral infection, severe dehydration 
occurred in 13 (30.23%) children and 13 (30.23%) showed 
moderate dehydration. No dehydration was recorded in 
17 norovirus-infected children (39.53%) (Table 1). Sea- 
sonal follow-up of the norovirus-infected patients showed 
a peak incidence in June (Figure 2). 

Dual norovirus and rotavirus infections 

Dual norovirus and rotavirus infections were confirmed 
in 9 of 335 (2.7%) patients and were recorded in children 
with a median age of 24 months. The median period of 
diarrhea was 3 days and the median number of vomiting 
episodes was four per day. 

Of the nine patients with mixed rotavirus-norovirus 
infections, two showed severe dehydration (22.22%) and 
four (44.44%) showed moderate dehydration. Three of 
the nine coinfected children (33.33%) showed no signs 
of dehydration. The majority of rotavirus-norovirus 



Table 1 Clinical features of rotavirus and norovirus 
infection 




Rotavirus 

(N = 78)* 


Norovirus 

(N=43)** 


Negative 

(N = 192)*** 


Maximum number stools per day 




1-3 


01 (01.28%) 


03 (06.98%) 


16 (08.33%) 


4-5 


21 (26.92%) 


12 (27.91%) 


63 (32.81%) 


>6 


56 (71.79%) 


28 (65.12%) 


113 (58.85%) 


Diarrhea duration (days) 






1-4 


74 (94.87%) 


40 (93.02%) 


168 (87.50%) 


5 


03 (03.85%) 


00 (00.00%) 


14 (07.29%) 


>6 


01 (01.28%) 


43 (06.98%) 


10 (05.21%) 


Number vomiting episodes per day 




0 


05 (06.41%) 


05 (1 1 .63%) 


50 (26.04%) 


1 


00 (00.00%) 


lO (Uo.yoToj 


07 (03.65%) 


2-4 


16 (20.51%) 


09 (20.93%) 


50 (26.04%) 


>5 


57 (73.08%) 


26 (60.4/%) 


85 (44.27%) 


Vomiting duration (days) 






0 


05 (06.41%) 


UJ ^ 1 1 .OO /0) 


50 (26.04%) 


1 


19 (24.36%) 


07 (16.28%) 


31 (16.15%) 


2 


26 (33.33%) 


14(32.56%) 


57 (29.69%) 


>3 


33 (42.31%) 


1 7 (39.53%) 


54 (28.13%) 


Temperature (°C) 








37 


25 (32.05%) 


1 7 (39.53%) 


79 (41.15%) 


37.1-38.4 


05 (06.41%) 


02 (04.65%) 


15 (07.81%) 


38.5-38.9 


02 (02.56%) 


1 1 (25.58%) 


34 (17.71%) 


>39.0 


46 (58.97%) 


13 (30.23%) 


64 (33.33%) 


Dehydration 








Mild 


08 (10.26%) 


1 7 (39.53%) 


67 (34.90%) 


Moderate 


26 (33.33%) 


13 (30.23%) 


55 (28.65%) 


Severe 


44 (56.41%) 


13 (30.23%) 


70 (36.46%) 


Treatment 








Rehydration 


07 (08.97%) 


12 (27.91%) 


45 (23.44%) 


Hospitalization 


71 (91.03%) 


31 (72.09%) 


147 (76.56%) 

P value 


Vesikari score 


14.74 


13.12 


12.38 < 0.0001 
12.38 0.26 



*89 rotavirus positives samples-(9 co-infections + 2 data missing) = 78. 
**54 norovirus positives samples-(9 co-infections + 2 data missing) = 43. 
***201 negatives samples-(9 data missing) = 192. 



dual infections were recorded between April and May 
(Figure 2). 

Rotaviral strain characterization 

The rotaviral strains isolated from stool samples were 
subjected to molecular characterization, and P and G 
types were assigned to 89 isolates with RT-PCR. The most 
common genotype combination in the rotaviral strains 
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was G1P[8] (51.7%), followed by G2P[4] (10.1%), G2P[8] 
(4.5%), G9P[8] (3.4%), G4P[8](3.4%) and G1P[6] (2.3%). A 
high prevalence of mixed strains was found (22.5%) and 
2.1% of strains could not be typed (Figure 3). 

Noroviral strain characterization and phylogenetic 
analysis 

Analysis of the genetic diversity of the noroviral strains in 
our study showed extensive cocirculation of various geno- 
types between January and December 2011. Among the 
children positive for norovirus, 42 (77.8%) carried geno- 
type Gil and 12 (22.2%) carried genotype GI. A subset of 
the norovirus samples positive for Gil was selected for se- 
quence analysis, and 33 were successfully characterized in 
region C of the viral genome. The prevailing genotype was 
GII.4, accounting for 81.8% of infections (n = 27), whereas 
genotypes GII.3 and GII.13 each accounted for 6.1% of in- 
fections (n = 2). 

Other genotypes, GII.16 and GII.17, were each repre- 
sented by one strain (n = 1, 3%). The nucleotide sequence 
analysis showed that GII.4 was the most prevalent geno- 
type. The variant strain designated "GII.4 variant Sydney 
2012" was identified in two samples. A sequence analysis 
of these two samples based on a 302-bp sequence of the 



capsid gene (C-region) showed 99% identity with the vari- 
ant Sydney 2012. 

A representative phylogenetic tree based on the nucleo- 
tide sequences of the capsid region (C-region) was con- 
structed with the neighbor-joining method (Figure 4). 

Discussion 

In this study, acute gastroenteritis with a rotaviral or 
noroviral etiology was investigated in children aged less 
than 5 years. This is the first study to investigate both vi- 
ruses simultaneously in Morocco. Of the 335 children 
with acute gastroenteritis enrolled in the study, 26.6% 
(n = 89) tested positive for rotavirus and 16.1% (n = 54) 
for norovirus. Our results are consistent with several stud- 
ies undertaken elsewhere, indicating that norovirus is the 
most common cause of acute gastroenteritis, after rota- 
virus [36-38]. 

After the introduction of a rotavirus vaccine in the 
United States, hospitalizations related to acute gastroenter- 
itis were 45% lower than 2 years earlier [39]. A substantial 
decline in rotavirus-associated acute gastroenteritis was 
also observed. Therefore, norovirus is now considered the 
leading cause of severe gastroenteritis outbreaks in the 
United States [27,40]. 



Table 2 Distribution of norovirus positive cases in the 4 sites of the study, in 1 year survey 



Provinces Localization area Gastroenteritis samples Number of positive cases Positivity (%) P value 



Rabat 


Coastal cities 


46 






13 




28.3 




Tanger 




44 




90 


11 


24 


25 




Beni-Mellal 


Non-coastal cities 


25 






1 




4 


0.001 


Oujda 




220 




245 


29 


30 


13.2 




Total 






335 






54 
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In Morocco, prior the implementation of the national 
immunization program with rotavirus vaccine, circulat- 
ing isolates of rotavirus were genotyped in our facilities. 
From June 2006 to May 2009, 1388 stool samples were 
collected from children less than 5 years of age admitted 
for diarrhea in different regions of Morocco. Overall, 
41.7% (579 of 1388) of the stools samples tested were 
positive for rotavirus. Genotyping of 548 (95%) samples 
demonstrated that G1P[8] (55%) was the most prevalent 
strain, followed by G9P[8] (11.3%), G2P[4] (9.1%), G4P[8] 
(0.9%), and G3P[8] (0.4%). Several other strains were iden- 
tified including G1P[4] (0.2%), G1P[6] (0.9%), G2P[6] 
(4.3%), G2P[8] (0.2%), G3P[6] (0.4%), G3P[4] (0.2%), 
and G9P[6] (0.2%). A high prevalence of mixed infections 
was found (15% of all samples) of which G1G2P[8] 
(4%) and G1G3P[8] (3.6%) accounted for the majority. 
Considerable diversity of rotavirus genotypes was present 
among circulating strains in Morocco [25]. After introduc- 
tion of rotavirus vaccination in Morocco, the most com- 
mon genotype combination of rotavirus strains was G1[P8] 
(51.7%), followed by G2[P4] (10.1%), G2[P8] (4.5%), 
G9[P8] (3.4%), G4[P8] (3.4%) and G1[P6] (2.3%). A high 
prevalence of mixed strains (22.5% of the total) was found. 
The prevalence of rotavirus gastroenteritis decreased 
from 41.7% to 26.6%. The involvement of the vaccine 
introduction in the decreasing of the prevalence and 
the changing in molecular diversity of rotavirus strains 
in Morocco needs further study. The selective pressures 
coming from the vaccine may be subtle; many years 
are required before making a conclusion concerning this 
phenomenon [41]. 

Because the Moroccan childhood immunization pro- 
gram was implemented with a rotavirus vaccine in 2010, 
it is likely that norovirus-associated gastroenteritis will 
increase relative to rotavirus -associated gastroenteritis, 
as described by Patel et al. [15] and Payne et al. [27]. A 



prospective survey is required to determine the point at 
which the switch in this trend occurs. 

Both viruses were detected in all age groups examined 
in this study. The peak detection rate occurred between 
6 and 12 months of age for rotavirus, with a median age 
of 12 months, and between 12 and 24 months of age for 
norovirus, with a median age of 14 months, as was also 
shown in a French study [36]. These findings confirm 
that both viruses usually occur in early childhood, which 
may indicate that protective immunity is present after 
the age of 2 years [42], and also highlights the import- 
ance of implementing prevention strategies in the early 
years of life. The overall severity score was significantly 
higher for rotavirus gastroenteritis than for norovirus in- 
fections. Similar results have been reported in Spain, 
Poland, and Libya [3,37,43]. Those studies showed that 
rotavirus -infected children experienced longer periods of 
diarrhea and were more severely dehydrated than chil- 
dren infected with norovirus. 

During this 1-year survey, cases of rotavirus- and 
norovirus-associated gastroenteritis were recorded through- 
out the year, except in October and February, when no case 
of rotavirus and norovirus was detected, respectively. We 
observed one peak for rotavirus in January and two peaks 
for norovirus, in June. The increased rates of noroviral in- 
fection in spring and summer have been documented pre- 
viously in Libya and Spain [43,44] . The summertime peak 
may be explained by the emergence of a new virus variant, 
as reported by Lopman et al. [45]. 

In Morocco, spring and summer seasons are com- 
monly associated with increased consumption of seafood 
particularly oysters, which is known as a risk factor for 
acquiring norovirus infection [23,46]. Rabat and Tanger 
which are coastal cities had the highest percentages of 
norovirus positivity, during the study period. The study 
needs to be longer so that a conclusion could be drawn. 
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I— NV-Hu-Oujda-F1 31 8-201 1-MOR [KJ1 62359] 
NV-Hu-Tanger-M466-201 1-MOR [KJ 162364] 
NV-Hu-Rabat-C71 -201 1 -MOR [KJ 1 62369] 
NV-Hu-Oujda-F1 262-201 1 -MOR [KJ 1 62387] 
NV-Hu-Oujda-F1 239-201 1 -MOR [KJ 1 62391 ] 
NV-Hu-Oujda-F1 256-201 1 -MOR [KJ 1 62390] 
NV-Hu-Oujda-F1 268-201 1 -MOR [KJ 1 62386] 
NV-Hu-Rabat-C73-201 1-MOR [KJ1 62368] 

- NV-Hu-Oujda-F1 270-201 1-MOR [KJ162385] 
NV-Hu-Tanger-M685-201 1-MOR [KJ1 62363] 
NV-Hu-Oujda-F1 260-201 1 -MOR [KJ 1 62389] 
NV-Hu-Oujda-F1 272-201 1 -MOR [KJ 1 62384] 

— NV-Hu-Rabat-C59-201 1-MOR [KJ1 62371] 
NV-Hu-Rabat-C62-201 1-MOR [KJ1 62370] 
NV-Hu-Oujda-F1 261 -201 1 -MOR [KJ 1 62388] 
NV-Hu-Oujda-F1 289-201 1 -MOR [KJ 1 62381 ] 

— NV-Hu-Oujda-F1 286-201 1-MOR [KJ1 62382] 
NV-Hu-Oujda-F1 294-201 1 -MOR [KJ 1 62380] 
NV-Hu-Oujda-F1 300-201 1 -MOR [KJ 1 62379] 
NV-Hu-Tanger-C38-201 1-MOR [KJ1 62360] 

- NV-Hu-Tanger-M695-201 1-MOR [KJ1 62361] 
NV-Hu-Rabat-E307-201 1-MOR [KJ1 62373] 
NV-Hu-Rabat-E308-201 1-MOR [KJ1 62372] 
NV-Hu-Rabat-C76-201 1-MOR [KJ1 62367] 

NV-Hu-Oujda-F1 278-201 1 -MOR [KJ 1 62383] 
NV-Hu-Tanger-M687-201 1-MOR [KJ 162362] 
1 Variant Sydney 2012/FRA 
NV-Hu-Tanger-M462-201 1-MOR [KJ1 62365] 



GII.4 Variant 
Sydney 2012 



GII.4 



Bristol 




N V-Hu-Oujda-F1 346-201 1 -MOR [KJ 1 62377] 
N V-Hu-Oujda-F1 381 -201 1 -MOR [KJ 1 62375] 
Minireovirus TV24 



I — NV-h 
l NV-Hu-- 



NV-Hu-Oujda-F1 328-201 1 -MOR [KJ 1 62378] 
-Tanger-M448-201 1-MOR [KJ162366] 
Fayetteville/1998/US 

99 



NV-Hu-Oujda-F1 366-201 1 -MOR [KJ 1 62376] 



Tiffin/1 999/USA 

— NV-Hu-Oujda-C85-201 1-MOR [KJ1 62374] 
CS-E1/2002/USA 



GII.3 



GII.13 



GII.16 



GIL17 



0.05 

Figure 4 Phylogenic analysis of norovirus sequences. The genetic relationship is based on a 322-nucleotides fragment of Region C (VP1). The 
tree was generated using the neighbor-joining method and the bootstrap values from 1000 replicates were shown on each branch. The 
sequence accession numbers are given in parentheses. The reference strains were from NCBI Genbank: Bristol(X76716), Fayetteville (AY1 13106), 
MinireovirusW24 (U02030), CS-E1/2002/USA (AY502009), Tiffin-1 999 (AY502010) and Variant Sydney 2012/FRA (KF008239). 



Norovirus Gil is predominantly responsible for gastro- 
enteritis worldwide, as described in most studies [47-52], 
and our findings (77.8% Gil and 22.2% GI) are 



consistent with these findings. A subset of norovirus- 
positive Gil samples (n = 33) was sequenced and 
grouped into five different genotypes: GII.4 (n = 27) was 
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the predominant genotype, followed by GIL3 (n = 2) and 
GII.13 (n = 2), GIL16 (n = 1), and GIL17 (n = 1). Several 
global studies have demonstrated the prevalence of the 
GIL4 genotype and our results are consistent with them 
[18,19,43,53]. 

Unexpectedly, our results showed the presence of the 
GII.4 variant Sydney2012 in two samples, from the 
northern region of Morocco (GenBank accession num- 
bers KJ162365 [Tanger/M462/2011/MOR] and KJ162362 
[Tanger/M687/2011/MOR]). This variant was first iden- 
tified in March 2012 in Australia [54] and in December 
2012 in Denmark [55], one year after the sampling for 
our study. This supports the idea that patients with 
sporadic gastroenteritis are a reservoir for emerging epi- 
demic noroviral strains [52]. 

Dual rotavirus-norovirus infections were detected in 
2.7% of our study samples. Approximately the same rate 
was reported (2.1%) in a Polish study [3], but our rate is 
lower than that reported in France by Tran et al. [36]. 
As reported in the present study and the French study 
[36], there was no significant correlation between the se- 
verity of gastroenteritis and combined infections. 

Conclusion 

Our findings highlight the need to strengthen the sur- 
veillance of gastroenteritis and extend it to others regions 
in Morocco. This will allow us to monitor changes in the 
epidemiology of rotavirus- and norovir us -associated gastro- 
enteritis and to identify dynamic shifts in the circulating 
strains. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

ME, MB, SA, and RE designed the epidemiological study, participated in its 
design and coordination, and gave their final approval to the version to be 
published. ME performed the molecular studies, participated in the sequence 
alignment, and drafted and edited the manuscript. HO and KS were involved 
in drafting the manuscript. NE performed the laboratory tests on the human 
stool samples. LB performed the statistical analysis and participated in its 
design. All authors read and approved the final manuscript. 

Acknowledgments 

We thank the staff of the Pediatric Units and Provincial Epidemiological 
Surveillance Units at the four sentinel hospitals (at Rabat, Oujda, Tanger, and 
Beni-Mellal) for their contributions to this study. We would also like to thank 
Meryem El Idrissi Azzouzi and Hassan lhazmade for their technical assistance 
and Dr. Jan Vinje at the Centers for Disease Control and Prevention in Atlanta 
for his kind review; Rima El Chami and Harim Humayun for their generous 
help with the grammatical review of the paper; and Dr. Latifa Tajount and 
Dr. Amal Barakat for their help with the sequence analysis. 

Author details 

Immunology-Virology Department, National Institute of Hygiene, Ministry of 
Health, 27 Avenue Ibn Batouta, Rabat, Morocco. 2 Office of the Laboratories of 
the National Institute of Hygiene, Ministry of Health, 27 Avenue Ibn Batouta, 
Rabat, Morocco, laboratory of Biochemistry and Immunology, Department 
of Biology, Faculty of Sciences, 4 Avenue Ibn Batouta, B.P. 1014 RP, Rabat, 
Morocco. 4 UPR Immunology-School of Medicine and Pharmacy, Mohamed V 
University, Avenue Mohamed Belarbi El Alaoui Souissi, Rabat, Morocco. 



Received: 16 April 2014 Accepted: 15 May 2014 
Published: 3 June 2014 



References 

1. Wilhelmi De Cal I, Mohedano Del Pozo RB, Sanchez-Fauquier A: Rotavirus 
and other viruses causing acute childhood gastroenteritis. Clin Microbiol 
Infect 2008, 26(1 3):61 -65. 

2. Chow CM, Leung AKC, Hon KL: Acute gastroenteritis from guidelines to 
real life. Clin Exp Gastroenterol 2010, 3:97-1 12. 

3. Oldak E, Sulik A, Rozkiewicz D, Liwoch-Nienartowicz N: Norovirus infections 
in children under 5 years of age hospitalized due to the acute viral 
gastroenteritis in northeastern Poland. Eur J Clin Microbiol Infect Dis 2012, 
31:417-422. 

4. Levidiotou S, Gartzonika C, Papaventsis D, Christaki C, Priavali E, Zotos N, 
Kapsali E, Vrioni G: Viral agents of acute gastroenteritis in hospitalized 
children in Greece. Clin Microbiol Infect 2009, 15:596-598. 

5. Oh DY, Gaedicke G, Schreier E: Viral agents of acute gastroenteritis in 
German children: prevalence and molecular diversity. J Med Virol 2003, 
71:82-93. 

6. De Wit MA, Koopmans MP, Kortbeek LM, Wannet WJ, Vinje J, Van Leusden 
F, Bartelds Al, Van Duynhoven YT: Sensor, a population-based cohort 
study on gastroenteritis in the Netherlands: incidence and etiology. Am J 
Epidemiol 2001, 154:666-674. 

7. Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, Parashar UD: 2008 
estimate of worldwide rotavirus-associated mortality in children younger 
than 5 years before the introduction of universal rotavirus vaccination 
programmes: a systematic review and meta-analysis. Lancet Infect Dis 
2012, 12:136-141. 

8. Cohen J, Charpilienne A, Chilmonczyk S, Estes MK: Nucleotide sequence of 
bovine rotavirus gene 1 and expression of the gene product in 
baculovirus. Virology 1989, 171:131-140. 

9. Matthijnssens J, Ciarlet M, McDonald SM, Attoui H, Banyai K, Brister JR, Buesa 
J, Esona MD, Estes MK, Gentsch JR, Iturriza-Gomara M, Johne R, Kirkwood 
CD, Martella V, Mertens PP, Nakagomi O, Parreho V, Rahman M, Ruggeri FM, 
Saif LJ, Santos N, Steyer A, Taniguchi K, Patton JT, Desselberger U, 

Van Ranst M: Uniformity of rotavirus strain nomenclature proposed 
by the Rotavirus Classification Working Group (RCWG). Arch Virol 

2011, 156(8):1397-1413. 

10. Banyai K, Laszlo B, Duque J, Steele AD, Nelson AS, Gentsch JR, Parashar UD: 
Systematic review of regional and temporal trends in global 
rotavirus strain diversity in the pre rotavirus vaccine era: Insights for 
understanding the impact of rotavirus vaccination programs. Vaccine 

2012, 30S:A122-A130. 

1 1 . WHO: Global Rotavirus Information and Surveillance Bulletin. World Health 
Organization; 201 1. http://www.who.int/immunization/sage/3_Final_RV_ 
bulletin_Jan_Dec_201 0_Data_nov1 1 .pdf. 

12. Clark HF, Lawley DA, Schaffer A, Patacsil JM, Marcello AE, Glass Rl, Jain V, 
Gentsch J: Assessment of the epidemic potential of a new strain of 
rotavirus associated with the novel G9 serotype which caused an 
outbreak in the United States for the first time in the 1995-1996 season. 
J Clin Microbiol 2004, 42(4):1 434-1 438. 

13. Cunliffe NA, Dove W, Bunn JE, Ben Ramadam M, Nyangao JW, Riveron RL, 
Cuevas LE, Hart CA: Expanding global distribution of rotavirus 
serotype G9: detection in Libya, Kenya, and Cuba. Emerg Infect Dis 
2001, 7(5):890-892. 

14. Matthijnssens J, Heylen E, Zeller M, Rahman M, Lemey P, Van Ranst M: 
Phylodynamic analyses of rotavirus genotypes G9 and G12 
underscore their potential for swift global spread. Mol Biol Evol 2010, 
27(1 0):2431 -2436. 

15. Patel MM, Hall AJ, Vinje J, Parashar UD: Noroviruses: a comprehensive 
review. J Clin Virol 2009, 44(1 ):1 -8. 

16. Koopmans M: Progress in understanding norovirus epidemiology. 
Curr Opin Infect Dis 2008, 21 (5):544-552. 

17. Kroneman A, Vega E, Vennema H, Vinje J, White PA, Hansman G, Green K, 
Martella V, Katayama K, Koopmans M: Proposal for a unified norovirus 
nomenclature and genotyping. Arch Virol 2013, In press. 

18. Glass Rl, Parashar UD, Estes MK: Norovirus gastroenteritis. N Engl J Med 
2009, 361:1776-1785. 

19. Tang MB, Chen CH, Chen SC, Chou YC, Yu CP: Epidemiological and 
molecular analysis of human norovirus infections in Taiwan during 201 1 
and 201 2. BMC Infect Dis 201 3, 1 3:338. 



El Qazoui et al. BMC Infectious Diseases 2014, 14:300 
http://www.biomedcentral.com/1471-2334/14/300 



Page 9 of 9 



20. Bok K, Abente EJ, Realpe-Quintero M, Mitra T, Sosnovtsev SV, Kapikian AZ, 
Green KY: Evolutionary dynamics of GII.4 noroviruses over a 34-year 
period. J Virol 2009, 83:1 1 890-1 1 901 . 

21 . Bull RA, Tanaka MM, White PA: Norovirus recombination. J Gen Virol 2007, 
88:3347-3359. 

22. Siebenga JJ, Vennema H, Renckens B, De Bruin E, van der Veer B, Siezen RJ, 
Koopmans M: Epochal evolution of GGII.4 norovirus capsid proteins from 
1995 to 2006. J Virol 2007, 81:9932-9941. 

23. Benabbes L, Ollivier J, Schaeffer J, Parnaudeau S, Rhaissi H, Nourlil J, Le 
Guyader FS: Norovirus and other human viruses in Moroccan shellfish. 
Food Environ Virol 201 3, 5:35-40. 

24. Report of Ministry of Health: Causes et Circonstances de deces infanto-juveniles, 
Robot Moroc: Enquete Notionole. ; 1 998. 

25. Benhafid M, Elomari N, Elqazoui M, Azzouzi IM, Rguig A, Filali-Maltouf A, El 
Aouad R: Diversity of rotavirus strains circulating in children under 5 years 
of age admitted to hospital for acute gastroenteritis in Morocco, June 
2006 to May 2009. J Med Virol 201 3, 85:354-362. 

26. Benhafid M, Rguig A, Trivedi T, Elqazoui M, Teleb N, Mouane N, Filali-Maltouf A, 
Parashar U, Patel M, El Aouad R: Monitoring of rotavirus vaccination 

in Morocco: establishing the baseline burden of rotavirus disease. 
Vaccine 2012, 30:6515-6520. 

27. Payne DC, Vinje J, Szilagyi PG, Edwards KM, Staat MA, Weinberg GA, Hall CB, 
Chappell J, Bernstein Dl, Curns AT, Wikswo M, Shirley SH, Hall AJ, Lopman B, 
Parashar UD: Norovirus and Medically Attended Gastroenteritis in U.S. 
Children. N Engl J Med 201 3, 368:1 1 21 -1 1 30. 

28. Zeng SQ, Halkosalo A, Salminen M, Szakal ED, Karvonen A, Vesikari T: 
Norovirus gastroenteritis in young children receiving rotavirus vaccine. 
Scand J Infect Dis 2010, 42:540-544. 

29. Gentsch JR, Glass Rl, Woods P, Gouvea V, Gorziglia M, Flores J, Das BK, Bhan 
MK: Identification of group A rotavirus gene 4 types by polymerase 
chain reaction. J Clin Microbiol 1992, 30:1365-1373. 

30. Gouvea V, Glass Rl, Woods P, Taniguchi K, Clark HF, Forrester B, Fang ZY: 
Polymerase chain reaction amplification and typing of rotavirus nucleic 
acid from stool specimens. J Clin Microbiol 1990, 28:276-282. 

31. Das BK, Gentsch JR, Cicirello HG, Woods PA, Gupta A, Ramachandran M, 
Kumar R, Bhan MK, Glass Rl: Characterization of rotavirus strains from 
newborns in New Delhi, India. J Clin Microbiol 1994, 32:1820-1822. 

32. Kageyama T, Shinohara M, Uchida K, Fukushi S, Hoshino FB, Kojima S, Takai 
R, Oka T, Takeda N, Katayama K: Broadly reactive and highly sensitive 
assay for Norwalk-like viruses based on real-time quantitative reverse 
transcription-PCR. J Clin Microbiol 2003, 41:1548-1557. 

33. Vega E, Barclay L, Gregoricus N, Williams K, Lee D, Vinje J: CaliciNet: A Novel 
Surveillance Network for Norovirus Gastroenteritis Outbreaks in the 
United States. Emerg Infect Dis 201 1, 17(8):1 389-1 395. 

34. Kojima S, Kageyama T, Fukushi S, Hoshino FB, Shinohara M, Uchida K, Natori 
K, Takeda N, Katayama K: Genogroup-specific PCR primers for detection of 
Norwalk-like viruses. J Virol Methods 2002, 100:107-1 14. 

35. Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S: MEGA5: 
Molecular Evolutionary Genetics Analysis using Maximum Likelihood, 
Evolutionary Distance, and Maximum Parsimony Methods. Mol Biol Evol 
2011,28:2731-2739. 

36. Tran A, Talmud D, Lejeune B, Jovenin N, Renois F, Payan C, Leveque N, 
Andreoletti L: Prevalence of Rotavirus, Adenovirus, Norovirus, and 
Astrovirus Infections and Coinfections among Hospitalized Children in 
Northern France. J Clin Microbiol 2010, 48(5):1 943-1 946. 

37. Junquera GC, Sainz De Baranda C, Mialdea GO, Serrano EB, Sanchez-Fauquirez 
A: Prevalence and clinical characteristics of norovirus gastroenteritis in 
hospitalized children in Spain. Pediatr Infect Dis J 2009, 28:604-607. 

38. Iritani N, Seto Y, Kubo H, Murakami T, Haruk K, Ayata M, Ogura H: Prevalence 
of Norwalk-like virus infections in cases of viral gastroenteritis among 
children in Osaka City, Japan. J Clin Microbiol 2003, 41 :1 756-1 759. 

39. Cortese MM, Tate JE, Simonsen L, Edelman L, Parashar UD: Reduction in 
gastroenteritis in United States children and correlation with early 
rotavirus vaccine uptake from national medical claims databases. 
Pediatr Infect Dis J 2010, 29:489-494. 

40. Hall AJ, Rosenthal M, Gregoricus N, Greene SA, Ferguson J, Henao OL, 
Vinje J, Lopman BA, Parashar UD, Widdowson MA: Incidence of acute 
gastroenteritis and role of norovirus, Georgia, USA, 2004-2005. 
Emerg Infect Dis 2011, 17:1381-1388. 

41. Patton JT: Rotavirus diversity and evolution in the post vaccine word. 
DiscovMed 2012, 13(68):85-97. 



42. Sai L, Sun J, Shao L, Chen S, Liuand H, Ma L: Epidemiology and clinical 
features of rotavirus and norovirus infection among children in Ji'nan, 
China. Virol J 2013, 10:302. 

43. Abugalia M, Cuevas L, Kirky A, Dove W, Nakagomi O, Nakagomi T, Kara M, 
Gweder R, Smeo M, Cunliffe N: Clinical features and molecular epidemiology 
of rotavirus and norovirus infections in Libyan children. J Med Virol 201 1, 
83:1849-1856. 

44. Boga AJ, Melon S, Nicieza I, De Diego I, Villar M, Parra F, De Ona M: Etiology 
of sporadic cases of pediatric acute gastroenteritis in Asturias, Spain, 
and genotyping and characterization of norovirus strains involved. J Clin 
Microbiol 2004, 42:2668-2674. 

45. Lopman BA, Reacher M, Gallimore C, Adak GK, Gray JJ, Brown DWG: A 
summertime peak of "winter vomiting disease": Surveillance of noroviruses 
in England and Wales, 1995 to 2002. BMC Public Health 2003, 3:13. 

46. Westrell T, Dusch V, Ethelberg S, Harris J, Hjertqvist M, Jourdan-da SN, Koller 
A, Lisby M, Void L: Norovirus outbreaks linked to oyster consumption in 
the United Kingdom, Norway, France, Sweden and Denmark. Euro Surveill 
2010, 15:19524. 

47. Yang SY, Hwang KP, Wu FT, Wu HS, Hsiung CA, Chang WC, Lin JS, Yang SC, 
Huang SL, Huang YC: Epidemiology and clinical peculiarities of norovirus 
and rotavirus infection in hospitalized young children with acute 
diarrhea in Taiwan, 2009. J Microbiol Immunol Infect 2010, 43(6):506-514. 

48. Li CSY, Chan PKS, Tang JW: Prevalence of diarrhea viruses in hospitalized 
children in Hong Kong in 2008. J Med Virol 2009, 81:1 903-1 91 1 . 

49. O'Ryan ML, Lucero Y, Prado V, Santolaya ME, Rabello M, Solis Y: 
Symptomatic and asymptomatic rotavirus and norovirus infections 
during infancy in a Chilean birth cohort. Pediatr Infect Dis J 2009, 
28:879-884. 

50. Victoria M, Carvalho-Costa FA, Heinemann MB, Leite JP, Miagostovich M: 
Prevalence and molecular epidemiology of noroviruses in hospitalized 
children with acute gastroenteritis in Rio de Janeiro, Brazil, 2004. 
Pediatr Infect Dis J 2007, 26:602-606. 

51. Wu FT, Liang SY, Tsao KC, Huang CG, Lin CY, Lin JS: Hospital-based 
surveillance and molecular epidemiology of rotavirus infection in 
Taiwan, 2005-2007. Vaccine 2009, 27S:F50-F54. 

52. Sdiri-Loulizi K, Ambert-Balay K, Gharbi-Khelifi H, Sakly N, Hassine M, Chouchane 
S, Guediche MN, Pothier P, Aouni M, Molecular Epidemiology of Norovirus: 
Gastroenteritis investigated using samples collected from children in 
Tunisia during a four-year period: detection of the norovirus variant GGII.4 
hunter as early as January 2003. JCM 2009, 47:421-429. 

53. Ren Z, Kong Y, Wang J, Wang Q, Huang A, Xu H: Etiological study of 
enteric viruses and the genetic diversity of norovirus, sapovirus, 
adenovirus, and astrovirus in children with diarrhea in Chongqing, 
China. BMC Infect Dis 201 3, 1 3:41 2. 

54. Van Beek J, Ambert-Balay K, Botteldoorn N, Eden J, Fonager J, Hewitt J, 
Iritani N, Kroneman A, Vennema H, Vinje J, White P, Koopmans M: Indications 
for worldwide increased norovirus activity associated with emergence of a 
new variant of genotype II.4, late 201 2. Euro Surveill 201 3, 1 8:8-9. 

55. Fonager J, Barzinci S, Fischer TK: Emergence of a new recombinant 
Sydney 2012 norovirus variant in Denmark, 26 December 2012 to 22 
March 2013. Euro Surveill 2013, 18:25. 



doi:1 0.1 1 86/1 471 -2334-1 4-300 

Cite this article as: El Qazoui et al:. Rotavirus and Norovirus infections 
among acute gastroenteritis children in Morocco. BMC Infectious Diseases 

2014 14:300. 



